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Salmonella enterica serotype Panama is capable of causing severe infection in children and is often trans-
mitted via contaminated food. Here, we present the first documented case of serotype Panama infection that
was acquired through the consumption of contaminated breast milk. The mother excreted the organism

asymptomatically for at least 2 weeks.

CASE REPORT

Salmonella enterica serotype Panama is a member of sero-
group D1 and is isolated from many foods and animals and
from water (3). It generally causes gastroenteritis in humans
(12) and is one of several serotypes that tends to cause a
disease in children that is more invasive than that caused by
other serotypes (13). Cases complicated with bacteremia and
meningitis in children have been reported previously (6, 13).
The infection is often acquired through the ingestion of con-
taminated food. This study reports the first documented case
of serotype Panama infection acquired via the consumption of
contaminated breast milk.

A girl was born vaginally at term with a birth weight of 3,404
g. She was discharged after an uneventful hospitalization for 3
days. On day 13 of the postdelivery period, she exhibited sev-
eral symptoms, including fever, irritable crying, poor appetite,
and watery diarrhea. Her temperature was 38.9°C, blood pres-
sure was 92/63 mm Hg, pulse rate was 152 beats/min, and
respiratory rate was 50 breaths/min. Neck stiffness was also
noted upon examination.

Laboratory examination revealed a white blood cell count of
19.5 X 10? cells/liter with 81% neutrophils, a hemoglobin level
of 15.2 g/dl, and a platelet count of 598 X 10° cells/liter. The
result of urinalysis was normal. Lumbar puncture was per-
formed, and the cerebrospinal fluid (CSF) was yellow in color
and slightly turbid in appearance. Analysis of CSF revealed
pleocytosis with a white blood cell count of 3.030 X 10° cells/
liter (neutrophils versus mononuclear cells, 63 versus 37%).
The red blood cell count in CSF was 0.680 X 10° cells/liter, the
protein concentration was 722 mg/dl, and glucose was unde-
tectable. The concomitant plasma glucose level was 145 mg/dl.
The Gram’s staining of CSF was positive for gram-negative
bacilli. The brain echogram revealed no abnormal findings.
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Salmonella group D1 was concomitantly isolated from blood
and CSF samples. The isolates were susceptible to ampicillin (2
pg/ml), trimethoprim-sulfamethoxazole (<0.25/4.75 ng/ml),
cefotaxime (<0.5 wg/ml), and ofloxacin (<0.03 wg/ml). The
neonate was treated with intravenous cefotaxime at 200
mg/kg of body weight/day for 21 days. Repeated CSF anal-
yses performed before discharge revealed that the CSF was
clear in appearance. The white blood cell count in the CSF
declined to 0.098 x 10° cells/liter, with 88% lymphocytes.
The protein and glucose levels were 276 mg/dl and 34 mg/dl,
respectively. The Gram stain of that CSF specimen failed to
discover bacteria.

The baby was fed entirely with breast milk, either directly or
indirectly from freeze-thawed milk that had been stored at 4°C.
A sample of frozen milk was sent to the hospital where Sal-
monella serogroup D1 was isolated. Repeated cultivations of
breast milk were taken 2 weeks apart and collected by express-
ing the milk into bottles with a strict aseptic technique at the
hospital. An identical serogroup of Salmonella was also cul-
tured concomitantly. The mother was aged 34 years, pregnant
five times with four births and one abortion. She was robust
before and asymptomatic during the perinatal period. She did
not exhibit signs of gastroenteritis or mastitis during the ob-
servation period and had no history of previous infection. The
mother’s cultures of the blood and stools were negative for
Salmonella. The breast milk became sterile after a 7-day course
of amoxicillin therapy (500 mg every 8 h). The baby and
mother had no history of contact with animals. They lived in a
rural area in eastern Taiwan, where they still consumed un-
derground water. Two water samples were collected and sent
for bacteriological studies, where coliform levels of 8 and 10
CFU/ml, respectively, were observed. No Salmonella was iden-
tified. No other family members developed diarrhea during the
observation period.

All the Salmonella isolates were ribotyped by using an au-
tomated Riboprinter microbial characterization system (Quali-
con, Wilmington, DE) according to the manufacturer’s instruc-
tions. The ribotypes of the isolates from the child’s blood and
CSF and from the mother’s breast milk were indistinguishable
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FIG. 1. Ribotyping for serotype Panama isolated from the infant
and from breast milk of the mother. Lane 1, isolate from blood; lane
2, isolate from CSF; lane 3 and 4, breast milk isolates from two
different periods; lane 5, Salmonella enterica serotype Infantis (ATCC
51741). M, marker lane.

(Fig. 1). The organisms were identified as serotype Panama
after comparing the banding patterns with the database in the
Riboprinter system. The pulsed-field gel electrophoresis study
showed a smear after restriction enzyme digestion (data not
shown).

The infant suffered from recurring Salmonella meningitis
after discharging for 2 weeks, even though she was not fed with
breast milk during this period. The stool, blood, and CSF
cultures displayed the presence of Salmonella serogroup D1.
Antimicrobial therapy with intravenous cefotaxime at 200 mg/
kg/day was administered. Upon controlling the infection, the
baby was transferred to a medical center, where a ventricular-
peritoneal shunt was implanted for the obstructive hydroceph-
alus that was detected by a computed tomography scan.

Discussion. For infants, human milk is considered a food
superior to formula food. Besides having a nutritional advan-
tage, it also has long-term benefits for metabolism and for
disease prevention in later life. It also helps in protecting
against infections through specific and nonspecific immune
factors (7). A case control study showed that breast-feeding
decreased the risk of sporadic salmonellosis in infants (10).
However, breast milk has also been implicated as the source of
several viral and bacterial infections in neonates (8, 9), includ-
ing that from salmonellae. One serotype, Salmonella enterica
serotype Kottbus, was initially suggested to have a specific
predilection for colonizing the human mammary gland (1, 11).
In the following years, several reports showed that other sero-
types, including Salmonella enterica serotype Typhimurium (4),
Salmonella enterica serotype Typhimurium definite type 104
(DT104) (8), and Salmonella enterica serotype Senftenberg (9),
can also be transmitted via breast milk. Our report extended
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the list of salmonellae that might be transmitted via this vesi-
cle.

In this case, the repeated isolation of serotype Panama from
milk collected aseptically strongly suggested that the mother is
the carrier who excreted this pathogen into breast milk rather
than the possibility that the milk was contaminated during
collection. The excretion of Salmonella organisms from the
breast asymptomatically is not unique to this case (1, 9). How-
ever, the source from and period within which the mother
became colonized with this organism could not be traced and
remain unknown. The Salmonella organisms could enter into
the mammary duct via external contamination. Qutaishat et al.
suggested that the priming of Salmonella organisms into the
mammary gland via macrophage, after the ingestion of the
organisms via the gastrointestinal tract, could also be a possible
cause of pathogenesis (8). Our results showed that once sero-
type Panama colonizes the mammary duct, the organism can
be excreted from the breast for at least 2 weeks before treat-
ment is initiated. According to a study performed by Qutaishat
et al., the gene fragment of Salmonella enterica serotype Ty-
phimurium DT104 could be detected in contaminated breast
milk for eight consecutive days by using a semiquantitative
PCR (8). In that case, the mother also received antibiotic
therapy, but the timing of its initiation was not shown.

Since the infant was fed with breast milk only, the contam-
inated milk is considered the source of infection, and the
possibility that the pathogen was acquired from other sources
is discounted. However, no quantitative study of the bacteria in
the contaminated milk was performed. Hence, it is not known
whether the infection had been developed via direct nursing or
through the consumption of freeze-thawed milk. There are
cases reported to be infected via direct nursing by a mother
with (5) or without (9) mastitis. Nevertheless, breast milk that
was improperly collected and left in room temperature for a
prolonged period before storage has accounted for several
Salmonella outbreaks in neonatal intensive care units (1, 4, 9).
Therefore, the use of a correct procedure for the collection
and storage of breast milk is crucial for preventing the bacteria
from proliferating to an infectious level. The fact that the
bacteria could be isolated from thawed milk suggests that once
the milk gets contaminated with a certain amount of serotype
Panama, it remains a potential source for transmission of the
organism, even though it had been stored at 4°C.

Macrorestriction of chromosomal DNA followed by pulsed-
field gel electrophoresis is considered a gold standard in epi-
demiologic studies of diverse bacterial species. However, this
method cannot be applied to serotype Panama, because the
organism’s intrinsic nucleus activity would result in the degra-
dation of its DNA during processing (12). On the contrary, the
ribotyping of this species has been previously performed suc-
cessfully (12). Advantages in automation and standardization
make the Riboprinter microbial characterization system suit-
able for rapid and high-throughput typing of bacterial strains
(2). Our results show that automated ribotyping is an applica-
ble method for typing serotype Panama.

Serotype Panama infection in neonate might be acquired
through contaminated breast milk. Once it colonizes the
breast, serotype Panama might be shedding from the breast for
at least 2 weeks before treatment is initiated.
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